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Tuesday, February 28, 2012 485ahelicase activity. It does not unwind unbranched dsDNA substrates, but it can
process four-armed forks with homologous arms. Our study is aimed at deci-
phering Rad5 mechanochemical activities. Beside full-length Rad5, we also
used an N-terminal truncated construct lacking the HIRAN domain. The rela-
tively low basal (DNA-free) ATPase activity of Rad5 is accelerated by both
ssDNA and dsDNA. Poly-dT ssDNA and dsDNA enhance this activity 5 and
50 times, respectively. This difference suggests that the enzyme acts differently
on the two types of substrate. We observed limited ssDNA length dependence
of the ATPase activity. Our results indicate a large Rad5 effective binding site
of 60 nt. We are now investigating dsDNA length dependence to decipher
dsDNA translocation mechanochemistry proposed to support fork dissolution.
We are in progress of determining the mechanochemical coupling between
ATP consumption and fork regression by applying single-turnover kinetic
methods.
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We present a novel approach for single DNAmolecule Here we present a novel
approach of elongation and reversible immobilization of DNA molecules on
neutravidin surfaces by simple control of chemical environments. We demon-
strate biocompatibility on the neutravidin surface with restriction enzyme reac-
tions for optical mapping and ligase reactions for tethered DNA. Compared to
previous approaches, the use of neutravidin surfaces has unique advantages.
First, protein coated surfaces provide biocompatible environments favorable
for enzyme reactions. Second, DNA is reversibly immobilized on neutravidin
surfaces, which can be beneficial for the development of more complex and in-
tegrated genome analysis systems. Finally, neutravidin surfaces are able to
tether DNA using biotin labels, which provides a variety of possibilities for
the development of advanced genome analysis platforms.
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Mitochondria and nuclei contain their own DNA and thus require topoiso-
merases for DNA metabolism. In vertebrates, the nuclear and mitochondrial
topoisomerases IB are encoded by different genes. Although nuclear (nTop1)
and mitochondrial (Top1mt) topoisomerases IB share a high degree of se-
quence similarity in their core domains, they are not transferable between the
two organelles. To understand the mechanisms underlying this functional dif-
ference, we investigated the DNA relaxation activities of nTop1 and Top1mt
using an in-vitro single molecule assay, and compared them to a N-terminal
deletion mutant of nTop1 (Top68). Top68 provides insight into the functional
significance of the N-terminal domain, which is largely missing in Top1mt. We
characterized the topoisomerase catalytic steps by measuring uncoiling rate
(turn/s), number of relaxed supercoils (uncoiling step-size), and time duration
between nicking and resealing (religation time) as a function of the torque
(twist) on the DNA. By adopting a periodic energy landscape model to charac-
terize the differences among enzymes and using torque to probe uncoiling and
religation, we find that Top1mt exhibits strong torque dependence as its uncoil-
ing rate and average uncoiling step-size increase with increasing torque. On the
other hand, the uncoiling rate and step-size of nTop1 are relatively insensitive
to torque. The uncoiling rate and to a lesser extent the step-size of Top68 de-
pends on torque, indicating a role of the N-terminal domain in DNA relaxation.
These results demonstrate that protein domains distal to the DNA binding
pocket and cleavage active site participate in the relaxation process including
DNA rotation and religation.
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Direct observation of a multi-protein DNA repair pathway is now possible us-
ing single molecule methods. Previously we have shown that UvrA and UvrB
belonging to the bacterial nucleotide excision repair pathway collaborate to lo-
cate damage. Here we report on the next phase of repair, dual incision by UvrC.
However as UvrC is in such short supply in the cell, locating a pre-incision
complex at a site of damage becomes the key rate limiting step of NER.By labelling UvrB and UvrC with different coloured quantum dots their inter-
actions with DNA tightropes can be studied at the single molecule level using
oblique angle fluorescence microscopy. We found UvrC interacts with DNA
and performs a 1D diffusional search (7.4x102 mm2s1). Surprisingly, we
also found that UvrC could load UvrB onto DNA generating a previously un-
seen UvrBC-DNA complex. This UvrBC complex is highly mobile relative to
UvrC alone (15% vs. 57% mobility) and engages in unbiased 1D diffusion with
a coefficient of 6.6x103 mm2s1. Ionic strength profoundly affects the motion
of the proteins; at elevated salt more UvrC molecules slide, however UvrBC
mobility remains constant. Furthermore, the inclusion of ATP decreases
UvrBC’s dwell time on DNA from 175s to 83s. Based on these and further re-
sults from the study of various mutants we deduce that UvrB switches UvrC’s
search mechanism from 3D distributive to 1D sliding. We propose a new
chaperoning role for UvrB in NER, where it protects the genome from un-
wanted UvrC nuclease activity but facilitates UvrC’s location of pre-incision
UvrB complexes.
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To repair DNA, AGT partitions between adduct-containing sites and a large ex-
cess of genomic DNA. Cooperative binding results in an all-or-nothing associ-
ation on short templates. The apparent binding site size (mean = 4.4 bp)
oscillates with template length. This site size is smaller than the length
(~8 bp) occupied in crystalline 1:1 complexes. Models that take these features
into account predict that optimal protein-protein contacts will occur when the
DNA is torsionally relaxed. Supporting this prediction, AGT binds relaxed
DNAs in preference to negatively-supercoiled forms and AGT binding is ac-
companied by a small net unwinding (~7.1 deg/protein). These results predict
that AGT will partition in favor of torsionally-relaxed, relatively protein-free
DNA structures like those near replication forks. Cooperative clusters form
when substrate DNA is much longer than the cooperative unit. We used
Kowalczykowski’s method to predict the number of protein monomers per
cluster as a function of [AGT]. Predictions were tested using atomic force mi-
croscopy (AFM). We found that cluster sizes increased with [AGT], until clus-
ters contained ~8 proteins. At higher [AGT], the number of clusters increased
but cluster size remained constant. A comparison of the cooperative part of the
binding free energy with the torsional part of the DNA deformation free energy
suggests that accumulated torsional strain is the factor that limits cooperative
cluster size. Supported by NIH grant GM 070662.
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Transcription initiation is a highly regulated process whereby RNA polymerase
(RNAP) binds to promoter DNA and undergoes numerous conformational
changes which melt ~14 base-pairs around the transcription start site and
form the RNAP-DNA open complex (RPo), which can start transcription and
escape from the promoter. Despite the dynamics of initiation and its regulatory
importance, little is known about the kinetics of different stages during initia-
tion. Using single-molecule FRET on RPo in solution, we previously showed
that RPo undergoes millisecond-timescale fluctuations; however, direct visual-
ization of these dynamics was not possible. Further, studies of RPo immobi-
lized on PEG-ylated surfaces were hampered due to limited complex stability.
We addressed these challenges by encapsulating complexes within lipid vesi-
cles and surface-immobilizing vesicles for total internal reflection fluorescence
microscopy. Since encapsulated complexes diffuse freely within vesicles, they
are not perturbed by surface interactions. Accordingly, the fraction of DNA-
bound RNAP in vesicles was identical to that observed for diffusing complexes
in free solution.
Our results at 21C identified vesicles with free DNA (apparent FRET effi-
ciency E* of ~0.2), static species consistent with RPo (E* ~0.5), and static spe-
cies with E* of ~0.35, which may correspond to a novel reaction intermediate
(RPi) along the path to RPo. Interconversions between RPi and RPo were seen
in ~10% of the traces. In contrast, at 37C, the fraction of dynamic species in-
creases, with most molecules interconverting between the RPi and RPo states;
the overall FRET distribution also shifts towards the RPo state. These results
establish that RPo is dynamic at the timescale of 100-1000 ms, a timescale sim-
ilar to that of NTP addition during RNA synthesis. We are currently extracting
the full state distribution and kinetics of the transitions, and monitoring the real-
time kinetics of initiation.
